INTRODUCTION
The industrial revolution and increase in the availability of natural resources like coal gas and petroleum has changed the face of the whole industrial arena. Efficient utilization of the resources can help the world meet its ever increasing need for energy. But while these industrial improvements offer substantial rewards, they also poses significant challengesone of the biggest being safety hazards. Any disruption or faults in electric systems may lead to severe damages of the expensive equipments used in the industrial system and can cause fatal injury to the working personnel. With the development in machine and other automation process, industrial operation processes have become more complex and extensive. Hence the requirement for improved reliability of electrical power supplies has also increased [1] . Over the years, many improvements have been proposed based on specific requirements for specific industries. For oil and gas industry, where the probability of having an accident is quite high, a wireless protection scheme can be used for generators and motors instead of the conventional wired system. These wireless protection units can be installed specially for the motors or generators those are remotely located where the data rate and other radio interference are comparatively less available. NIST has also recognized the use of wireless technology in substation automation under IEC61850 standard [3] .
Implementation of wireless technology offers many advantages over wired, e.g. low installation cost, mobility, remote location coverage, rapid installation, etc [2] . Wireless technology also gives an advantage as it will help to implement the wide area monitoring which is one of the basic characteristic of Smart Grid. The protective relaying senses the abnormal conditions in a part of the power system and gives an alarm or isolates that part from the healthy system. The choice of protection depends upon several aspects such as type and rating of the protected equipment, its importance, location, probable abnormal conditions, cost, etc. Protective relaying should have certain qualities such as selectivity, sensitivity, reliability, adequateness, speed, stability, cost efficiency and system security [3] . A traditional CT consists of a magnetic core. Therefore, it usually encounters dc, ac saturation and remnant magnetization. These are caused by the effect of hysteresis so when faults occur in power systems usually the fault currents contains large dc offsets, which might cause the iron cores of CTs to saturate. This will cause distortion of the current waveforms in the secondary winding which will result in false responses in current detection and hence the protective devices. These problems severely affect reliability of power systems [4] . To overcome these problems, the traditional CT would require redesigning but that can be quite an expensive and complex process. An easier alternative is using a Hall Effect sensor. The Hall Effect sensor is based on the Hall Effect principle proposed by Edwin Hall in 1879 which is represented as in equation (1) .
where v is the voltage, I is the current through the conductive material, B is the magnetic flux density, n is the carrier density, q is the charge of the current carrier, and d is the thickness of the sheet [5] .
II. CURRENT AND PROPOSED SYSTEM
In this section the brief description of existing and proposed system is given. In the conventional system a CT is used to measure generators and motors high fault current. In our study we have adopted a different method for performing current measurement and sending the signal to the relay; this method involves the use of Hall Effect sensors instead of CTs and wireless transmission to measure and detect fault current. Figure 2 shows the overview of the existing and the proposed system. In the proposed system a Hall effect sensor is used in place of CT and wireless technology is used to transmit the signal obtained. Figure 3 shows the block diagram of the proposed system that have been implemented in the laboratory. Figure 3 shows the implemented model in the lab environment. To investigate the different wireless technologies this model lay out has been used. An hall effect sensor have been used which can sense very small change in current and give voltage output. This is useful for both AC and DC. A Y connector has been connected to the end of the Hall sensor which is feed to the Anti Aliasing filter.
III. WIRELESS TECHNOLOGIES USED
Different technologies have been used in the project considering the latest available data rates, distance coverage, and other important technology features in industrial protection system. In this section the drawbacks of each of the technologies have also been discussed. To investigate the different wireless technologies that can be used with the proposed system, prototypes have been built. For transmission system both analog and digital communication has been tested. For analog transmission, both Amplitude modulation (AM) and Frequency Modulation (FM) techniques are tested.
A. Analog transmission using Amplitude Modulation (AM) technique:
For analog transmission (AM) a function generator (representing the output obtained from a Hall Effect sensor after passing through the Anti-Aliasing filter), an ANACOM AT02 Teaching Set (consisting of ANACOM 1 DSB/SSB AM Transmitter/Receiver Module, ANACOM 2 FM Modulator/Demodulator Module) and an ADC have been used. As shown in Figure 3 , the output of the Hall Effect sensor has been used as input to the transmission circuit. The transmission circuit of ANACOM AT02 Teaching Set consists of various filters as shown in Figure 4 . The signal is first modulated using a Balanced Modulator. In the next stage, a Ceramic Bandpass Filter is used to obtain the necessary frequency range. From there, the signal is passed through another stage of modulation and filtering (Balance Modulator + Bandpass Filter circuit-2), then the signal is sent to an amplifier circuit and transmitted. Another way is to send the signal from the Hall Effect sensor directly to a one-step combined system of modulation and filtering (Balance Modulator + Bandpass Filter circuit-1), amplify it and then transmit it through air via the antenna. The signal transmitted is then received by an analog receiving circuit. On the other hand the receiving circuit of ANACOM AT02 Teaching Set consists of various amplifiers as shown in Figure  5 . After receiving the signal it is send through an interconnected system of Radio Frequency (RF) amplifier, Tuner, Local Oscillator and Mixer. Then this signal is passed through two intermediate stages of amplification. This amplified signal is then sent to both Diode Detector and Product Detector. The Diode Detector is the simplest form of demodulation circuit which operates by detecting the envelope of the incoming signal (by rectification). The Product Detector, on the other hand, mixes the Intermediate Frequency (IF) signal with a locally derived carrier (Beat Frequency Oscillator) to produce a signal with twice the frequency of the IF signal. The Automatic Gain Control (AGC) circuit helps to reduce the fluctuation of the output signal at the receiving end. In the final stage, the signal from either the Diode Detector or the Product Detector is amplified and passed to an ADC, where the signal is converted from analog to digital and sent to the relays. Fig. 6 shows a photograph of the implementation of the AM technique using the ANACOM AT02 Teaching Set. 
B. Analog transmission using Frequency Modulation (FM) technique:
A prototype of transmission circuit for the FM technique has also been built, this was done to test the feasibility of using FM. The circuit diagram of the FM transmitter is shown in Figure 7 . In figure 8 the test model is shown. The circuit is a type of RF oscillator that can be tuned between 70 MHz to 120 MHz and operates at 9 V. The FM circuit is a simple but surprisingly powerful despite its small components and low operating voltage. The input signal is fed into the audio amplifier stage built around the first transistor. Output from the collector is fed into the base of the second transistor where it modulates the resonant frequency of the tank circuit by varying the junction capacitance of the transistor. The transmitted signal can be received by any compatible FM receiver. In this test case, the receiver used is a simple AM/FM radio as shown in Figure 8 . The approximate range of signal transmission is around to 20-30 meters. Although the prototype is an incomplete model (frequency), it helps to understand that FM can be also be considered as a reliable option to send and receive fault signals over a moderate distance. 
C. Digital transmission using Digital Modulation technique:
In figure 9 the relay schematic using a digital circuit for the protection of generators and motors in industries has been shown. Two IC's that being used are HT-12E and HT-12D. One is a RF encoder (HT-12E) and the other is a RF decoder (HT-12D); they are a series of CMOS LSIs for remote control system applications. The HT 12E is capable of encoding 12 bit of information which consists of N address bits and 12-N data bits. The two ICs are paired with each other. For proper operation a pair of encoder/decoder with the same number of address and data format is selected. The operating voltage of the IC's is 2.4V to 12V. Whenever there is an abnormal condition, the Hall Effect sensor senses it and sends the signal to the comparator, where the signal is compared with a reference voltage to check for over or under voltage. After the comparator detects the fault, it sends the signal to the IC HT-12E, where it is encoded and then transmitted using an RF transmission medium, i.e., through air. The transmitted signal is received by the receiving circuit and the signal is then passed to the IC HT-12D. The decoder receives the serial address and, after processing the data, sends it to the output pins. The output pins D8, D9, D10 and D11 are connected to digital relays. The relays trip according to the signal they receive from the output pins of the IC. The transmission and receiving circuits for the digital modulation have been implemented on breadboard with all the components shown in Figure 11 and Figure 12 . 
IV. OBSERVATION AND EVALUATION
For the AM technique, the signal at the receiving end shows significant susceptibility to noise and presence of any physical obstacles and hence appears distorted. For the FM technique the susceptibility to noise and obstacles is much improved but at low frequency range the signal at the receiving end appears distorted. The range is also limited to a few meters. For the digital modulation circuit, a much improved signal is received compared to analog modulation. Its most significant advantage is that data can be transmitted through air over a range of 150 meters. Moreover, effect of presence of obstacles or noise susceptibility is insignificant. The other advantages are that the IC's being used, are cost effective, low power and have high noise immunity. This makes it suitable for use in industries which are often widespread over a large geographical area. Another important aspect of our system was to give protection to the costly equipment which are installed in the power system. Many times the wired system experiences some problem and one of the common problem is iron core saturation. We proposed a wireless protection system where a fault signal could trip the relay situated at a far distance. This paper describes all the technologies that have been used in our system. We tried our system with analog and digital modulation. After several experimental setups we could come to a conclusion that Digital technology is most suited for this type of application. This is owing to fact that digital transmitter gives us a large range and this will not be hampered by any noise that is present in the industrial environment. As we are just trying to trip the relay while there is a fault in the system so digital modulation came as a great solution to the problem stated. Table 1 shows a comparison of cost of the existing equipments and the proposed one. Some of the advantages of the proposed system are.
• Solve the iron core saturation problem of CT and PT.
• Cost related issue of power protection system.
• Compatibility check of wireless technology with protective relay system. • Long rage data transfer without any attenuation achieved. V. CONCLUSION This paper peasant a successful case study using Hall effect sensor for monitoring major substation equipments. It is also shown that Hall effect sensors can measure very minute change in the voltage. We have proposed to use a digital relays as they are the last generation relays. Based on microprocessor and software, these devices are applied mainly in transmission system and generator unit protection but their applications grow rapidly with the advancements in microprocessor and communication industries. An wireless transmission system is introduced in order to eliminate the problem of saturation and it has been seen in the practical experiment that the system works with a very good coordination. The range for the transmitter used also give the system a great flexibility.
